(C) The complex consisting of GST/CSP, SGT, and Hsc70 was assembled on glutathione beads in the presence of ADP. As a control, the same experiment was performed using ATP instead of ADP. In both cases, the beads were extensively washed. Proteins were then eluted by addition of glutathione and subjected to gel filtration on a Superose 6 column. Fractions were collected and analyzed by immunoblotting. In the presence of ADP, a substantial amount of GST/CSP was shifted to a molecular weight of approximately 300 kDa. GST/CSP, SGT, and Hsc70 were coeluted, strongly suggesting that these proteins formed a trimeric complex under these conditions. However, in the presence of ATP, neither SGT nor Hsc70 was detectable in the column eluate.
under certain conditions (see Figure 1C the preformed complex could be dissociated by incuba- ) is a cytosolic protein that was not found in membrane fractions (LP1, LP2). Therefore, we assembly of the complex, ADP was added to the running buffer. This time, a substantial part of GST/CSP shifted could exclude the possibility that LP2 was contaminated with LS2, supporting the idea that SGT and Hsc70 are to a molecular weight of ‫003ف‬ kDa ( Figure 2C , second panel). Consistent with our hypothesis of a trimeric comrecruited to vesicles by a resident synaptic vesicle protein.
We then asked whether CSP, Hsc70, and SGT form plex, GST/CSP, SGT, and Hsc70 eluted at the same size of ‫003ف‬ kDa. This molecular weight is twice the size a trimeric complex on synaptic vesicles. Therefore, we immunoprecipitated SGT from purified synaptic vesicles as expected, suggesting that the stoichiometry of the trimeric complex is 2:2:2 rather than 1:1:1. using a polyclonal mouse antibody raised against SGT ( Figure 4C ). In the resulting immunoprecipitate, Hsc70 and CSP but not rab3a, rabphilin, syntaxin, and SNAP25 CSP, Hsc70, and SGT Form a Trimeric Complex could be detected. These results demonstrate that SGT, on the Synaptic Vesicle Surface Hsc70, and CSP specifically coimmunoprecipitate from As a first step to characterizing the localization of CSP, purified synaptic vesicles without contamination of Hsc70, and SGT, we performed in situ hybridizations on other synaptic vesicle proteins. brain sections from adult rats (Figure 3) . Two different To test if the interaction of CSP with SGT is functionoligonucleotides for each mRNA sequence were used; ally important in vivo, we utilized a CSP knockout mouse they exhibited essentially the same labeling pattern for that we generated in an independent study, and that will be the respective mRNAs. This labeling pattern was aboldescribed separately (R.F.-C. and T.C.S., unpublished ished when an excess of unlabeled oligonucleotide was observations). CSP knockout mice are viable until 4-5 added to the hybridization mix (results not shown).
weeks after birth, making it possible to study them bioDetailed analyses of expression patterns of CSP, Hsc70, chemically. In total brain homogenates, no significant and SGT were performed with one oligonucleotide for changes in SGT and Hsc70 levels were detected comeach mRNA. Autoradiographs of hybridized rat brain pared to wild-type controls ( Figure 4D ). However, when we sections revealed a high degree of overlap in the expresexamined synaptic vesicles purified from CSP knockout sion of the CSP, Hsc70, and SGT mRNAs (Figure 3) . mice, we observed a selective decrease of SGT on synapThese mRNAs are expressed throughout the brain, with tic vesicles. Quantitations revealed that SGT was dehighest levels in the cerebellum and the hippocampus. creased more than 70% on the vesicles, while the levels Strong labeling is observed in the CA regions and the of other proteins were unaffected ( Figure 4E ). These dentate gyrus. Lower levels of mRNA expression are data suggest that CSP functionally interacts with SGT found in the cortex, olfactory bulb, thalamus, and striain vivo and is required for the recruitment of SGT to tum. In sum, the mRNA expression patterns for CSP, synaptic vesicles. Hsc70, and SGT are consistent with a colocalization of the corresponding proteins in various brain regions.
To assemble to a trimeric complex, it is a prerequisite that all three proteins are located in the same cellular Since the antibody against SGT did not give a specific chromatography and autoradiography. SGT alone did not induce ATP hydrolysis ( Figure 5A ). Hsc70 exhibited signal in immunocytochemistry, we performed subcellular fractionations. Antibodies directed against CSP, SGT, a weak intrinsic ATPase activity. This ATPase activity was significantly increased by SGT, demonstrating a Hsc70, GDI, synaptophysin, and rab3a were used to characterize these fractions. As depicted in Figure 4B , functional interaction between SGT and Hsc70 ( Figure  5A ). Compared to the ATPase activation by CSP ‫-21ف(‬ CSP was mainly found in the synaptic vesicle fraction (LP2). It was not detectable in cytosolic fractions (S3, fold), the stimulation by SGT was weaker (‫-3ف‬fold). A combination of CSP and SGT resulted in a dramatic LS2), implying that the entire pool of CSP is subject to palmitoylation and membrane bound. SGT was predomATPase activation (‫-91ف‬fold) ( Figure 5A ). Since all three components are present in equimolar amounts, the efinantly found in cytosolic fractions (S3, LS2), consistent with a hydrophilic structure predicted from its amino fects of CSP and SGT on the Hsc70 ATPase activity are superadditive. Interestingly, the ATPase activation by acid sequence. However, significant amounts of SGT and Hsc70 were found in the synaptic vesicle fraction CSP could not be increased by higher concentrations of CSP (data not shown), implying that CSP and SGT (LP2), strongly suggesting that SGT, Hsc70, and CSP colocalize on synaptic vesicles. bind to distinct domains in Hsc70. This conclusion is indeed confirmed by mapping the respective binding Synaptophysin, a synaptic vesicle marker (Jahn et al., 1985), was highly enriched in LP2 and not detectable in domains (see Figure 1C) . A quantitative analysis of the hydrolysis kinetics (Figcytosolic fractions. Rab3a, a small G protein of the ras  superfamily, was located on synaptic vesicles (LP2) and, ure 5B) provided initial rate constants as follows (given in nmol ϫ l Ϫ1 ϫ h 
